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(54) INK JET PRINTER AND CIRCUIT AND METHOD FOR DETECTING 
BUBBLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To 
adequately execute ink ejection and to 
obtain a high quality and stable image by a 
method wherein bubbles in ink is detected 
and an optimum head recovering operation 
is executed. 

SOLUTION: This ink jet printer a print 
head 31, a head driving circuit 32 for 
driving the print head 31, a bubble 
detecting circuit 38 and a switching circuit 
34 that switches connections from the 
head 31 to the head driving circuit 32 and 
to the bubble detecting circuit 38. The 
bubble detecting circuit 38 consists of an 

impedance measuring circuit 33 which can be switched to be connected 
to the head 31, a CPU 35, a memory 36 and a table memory 37. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~~~ 

[Claim 1] The ink jet printer characterized by having an impedance 
measurement means to measure the impedance in the frequency of the 
predetermined range of the above-mentioned head, a frequency- 
characteristics creation means to create the frequency characteristics 
of the measured impedance, and a distinction means to distinguish 
whether air bubbles have adhered to the above-mentioned piezoelectric 
device with the above-mentioned frequency characteristics, in the ink 
jet printer which spouts ink to a print-ed medium by the drive of the 
piezoelectric device of a head. 

[Claim 2] The ink jet printer according to claim 1 characterized by 
having further the means for switching which switches the head driving 
means which drives the above-mentioned head, and the above- 
mentioned head driving means and the above-mentioned impedance 
measurement means. 

[Claim 3] The ink jet printer according to claim 1 characterized by 
having further a means to remove the air bubbles adhering to the above- 
mentioned piezoelectric device when adhesion of air bubbles is 
distinguished by the above-mentioned distinction means. 
[Claim 4] The ink jet printer according to claim 1 to 3 characterized by 
having further the storage means in which elimination and writing are 
possible, and making it make the above-mentioned storage means 
memorize the impedance of the above-mentioned head at the time of 
initialization. 

[Claim 5] The cellular detector characterized by having a means to 
measure the impedance in the frequency of the predetermined range of 
the above-mentioned head, a means to create the frequency 
characteristics of the measured impedance, and a means to distinguish 
whether air bubbles have adhered to the above-mentioned piezoelectric 
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device with the above-mentioned frequency characteristics, in the 
equipment which makes a liquid blow off by the drive of the piezoelectric 
device of a head. 

[Claim 6] The cellular detection approach characterized by having the 
measurement process which measures the impedance of the frequency 
of the predetermined range of a head, and the distinction process which 
distinguishes the existence of the air bubbles adhering to the above- 
mentioned head from the frequency characteristics of the measured 
impedance. 

[Claim 7] The above-mentioned distinction process is the cellular 
detection approach according to claim 6 characterized by to have the 
process which creates the frequency characteristics of the impedance 
measured in the above-mentioned measurement process, a process in 
comparison with the frequency characteristics of the impedance which 
was able to determine beforehand the frequency characteristics of the 
measurement impedance created by doing in this way, and the process 
which distinguishes the existence of the air bubbles adhering to the 
above-mentioned head based on the above-mentioned comparison 
result. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet-type printer 
which carries out the print of the ink to the shape of jet especially at a 
print-ed medium with respect to the equipment which spouts a liquid, for 
example, the coater which applies the humidifier which carries out the 
regurgitation of the water, and ink. 
[0002] 

[Description of the Prior Art] Drawing 6 shows the conventional ink jet 
printer indicated by JP.6-336026.A. 

[0003] In drawing 6 , 1 expresses the head of an ink jet print and this 
head 1 consists of two or more nozzles 2, the pressure room 1 7 formed 
in housing 18, an ink way 15, piezo piezoelectric devices 16a and 16b to 
which the volume of the pressure room 1 7 is changed, and a heater 1 9 
which heats housing 18. 

[0004] Moreover, the ink cartridge 6 equipped with the ink container 4 is 
attached in housing 1 8, and the ink container 4 is open for free passage 
for two or more nozzles 2 through the ink way 1 5. Moreover, in the ink 
container 4, the porous bodies 9 and 13 for carrying out absorption 
maintenance of the ink are held, and the heater 5 for heating is attached 
in the external surface of the ink container 4. 

[0005] Next, actuation of this conventional ink jet printer is explained. 
Usually, although ink is filled with the solid condition on the ink way 15, if 
an electrical potential difference is further impressed to the heater 19 of 
a head 1 , the heater 5 of the ink container 4 and the ink absorbed by the 
ink and the porous bodies 9 and 13 in the ink way 15 will be melted. And 
the volume of the pressure room 1 7 is changed and a liquid ink drop is 
made to blow off from a nozzle 2 by impressing an electrical potential 
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difference to the piezo piezoelectric devices 16a and 16b in this 
condition, and vibrating them. In connection with this, the ink absorbed 
by porous bodies 9 and 13 is supplied to the small [ every ] pressure 
room 1 7. A print object is obtained by making ink blow off from a head 1 
by this actuation, and making it adhere to a form. 
[0006] 

[Problem(s) to be Solved by the Invention] In the conventional ink jet 
printer, when air bubbles went into the ink way 15, the normal ink 
regurgitation becomes impossible from two or more nozzles 2, the stripe 
went into the print object as a result, and there was a trouble that the 
quality and stabilized print object was no longer obtained. 
[0007] Moreover, there is no means to check before carrying out the 
print of the existence of air bubbles, and the one-sheet print of the test 
pattern with which the regurgitation of ink judges whether it is normal 
needed to be carried out. 

[0008] Moreover, when the print of the test pattern was carried out and 
a print object with air bubbles normal owing to was not obtained, ink 
supply recovery was performed as a recovery means, again, the print of 
the test pattern had to be carried out for the check, the repeat of 
checking whether ink has breathed out normally had to be performed, 
and there was a trouble that time amount and print cost started. 
[0009] This invention aims at offering the ink jet printer which the 
impedance in the frequency of the arbitration of the piezoelectric device 
of a head is measured, and the frequency characteristics of an 
impedance are created, it distinguishes whether air bubbles have 
adhered to the ink interior of a room with those frequency 
characteristics, and ink supply recovery is automatically performed when 
air bubbles have adhered, and can perform cellular removal before being 
made in order to solve the trouble mentioned above, and carrying out a 
print. 

[0010] Moreover, other purposes of this invention lose a test pattern 
print, and are to offer the ink jet printer which can reduce time amount 
and print cost. 

[0011] Furthermore, the purpose of further others of this invention is to 
offer the cellular detector and the cellular detection approach of 
detecting that air bubbles adhered to the head. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, the ink jet printer concerning this invention is equipped with an 
impedance measurement means measure the impedance in the 
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frequency of the predetermined range of the above-mentioned head, a 
frequency-characteristics creation means create the frequency 
characteristics of the measured impedance, and a distinction means 
distinguish whether air bubbles have adhered to the above-mentioned 
piezoelectric device with the above-mentioned frequency 
characteristics, in the ink jet printer which spouts ink to a print-ed 
medium by the drive of the piezoelectric device of a head. 
[0013] Moreover, the ink jet printer of this invention is further equipped 
with the means for switching which switches the head driving means 
which drives the above-mentioned head, and the above-mentioned head 
driving means and the above-mentioned impedance measurement 
means. 

[0014] Furthermore, the ink jet printer of this invention is further 
equipped with a means to remove the air bubbles adhering to the above- 
mentioned piezoelectric device, when adhesion of air bubbles is 
distinguished by the above-mentioned distinction means. 
[0015] The ink jet printer of this invention is further equipped with the 
storage means in which elimination and writing are possible, and it is 
made to make the above-mentioned storage means memorize the 
impedance of the above-mentioned head further again at the time of 
initialization. 

[0016] Moreover, the cellular detector concerning this invention is 
equipped with a means to measure the impedance in the frequency of 
the predetermined range of the above-mentioned head, a means to 
create the frequency characteristics of the measured impedance, and a 
means to distinguish whether air bubbles have adhered to the above- 
mentioned piezoelectric device with the above-mentioned frequency 
characteristics, in the equipment which makes a liquid blow off by the 
drive of the piezoelectric device of a head. 

[0017] Moreover, the cellular detection approach of this invention is 
equipped with the measurement process which measures the impedance 
of the frequency of the predetermined range of a head, and the 
distinction process which distinguishes the existence of the air bubbles 
adhering to the above-mentioned head from the frequency 
characteristics of the measured impedance. 
[0018] Furthermore, the above-mentioned distinction process is 
equipped with the process which creates the frequency characteristics 
of the impedance measured in the above-mentioned measurement 
process, the process in comparison with the frequency characteristics 
of the impedance which was able to determine beforehand the frequency 
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characteristics of the measurement impedance created by doing in this 
way, and the process which distinguishes the existence of the air 
bubbles adhering to the above-mentioned head based on the above- 
mentioned comparison result. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation 
of this invention is explained with reference to an accompanying drawing. 

[0020] Gestalt 1 . drawing 1 of operation shows the outline configuration 
of the ink jet printer by the gestalt of 1 implementation of this invention. 

[0021] The ink jet printer is equipped with the change-over circuit 34 
which switches alternatively connection between the head 31 for a print, 
the head drive circuit 32 which drives a head 31, the cellular detector 
38, and a head 31, the head drive circuit 32 and the cellular detector 38 
in d rawing 1 . 

[0022] The cellular detector 38 is constituted by the impedance 
measurement circuit 33 which has connection with a head 31 switched 
by the switch circuit 34, CPU35, memory 36, and the table memory 37. 
[0023] The impedance measurement circuit 33 detects the electrical 
potential difference and current in a setting frequency of the head 
section 120 ( drawing 3 ) of a head 31, and measures the impedance of 
the head section 1 20. As for the table memory 37, it is desirable that it 
is the memory in which elimination and writing are possible, for example, 
EEPROM and a flash memory. 

[0024] In addition, the impedance measurement circuit 33 constitutes an 
impedance measurement means to measure the impedance in the 
frequency of the predetermined range of a head 31, and the cellular 
detector 38 constitutes a frequency-characteristics creation means to 
create the frequency characteristics of the measured impedance, and a 
distinction means to distinguish whether air bubbles have adhered to the 
above-mentioned piezoelectric device with the above-mentioned 
frequency characteristics. 

[0025] Next, actuation of the ink jet printer by the gestalt of this 
operation is explained with reference to the flow chart of drawing 2 . 
Drawin g 2 is the flow chart of the cellular detection approach by this 
invention. 

[0026] In the ink jet printer constituted as mentioned above, before a 
print process is performed, CPU35 switches SUITCHI of the change- 
over circuit 34 to the impedance measurement circuit 33 side (step 
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S10). 

[0027] Then, a test frequency is set as the predetermined range (step 
S12), and the impedance of the head section 120 in the frequency of the 
predetermined range is measured (step S14). 
[0028] And sequential storing of the measurement data of the 
impedance which carried out in this way and was measured is carried 
out at memory 36 (step S16), and it judges whether measurement was 
completed or not (step S18). 

[0029] When not judged with measurement termination at step S18, 
processing of step S12 to the step S18 is repeated until it is judged with 
return and measurement termination by test-frequency setup of step 
12. 

[0030] When judged with measurement termination in step S18, the 
frequency characteristics of the measured impedance are created (step 
S20). 

[0031] Thus, the frequency characteristics of the created measurement 
impedance are compared with the impedance frequency characteristics 
which were beforehand searched for by experiment etc. and were stored 
in the table memory 37, and the existence of air bubbles is judged (step 
S24). 

[0032] When air bubbles are judged at step S24 to be owner **, head 
recovery is performed (step S28) and it returns to a test-frequency 
setup of step S12. 

[0033] Moreover, in step S24, when judged with having no air bubbles, 
the change-over circuit 34 is switched to the head drive circuit 32 side 
(step S26), and processing is ended. 

[0034] That is, if the existence of air bubbles is judged from the 
frequency characteristics of an impedance at step S24 and there are air 
bubbles, head recovery will be automatically performed at step S28, and 
air bubbles will be removed. By attracting ink from the nozzle 101 
( drawing 3 ) of the head section 1 20, head recovery removes air 
bubbles. At the time of cellular detection termination, SUITCHI of the 
change-over circuit 34 is switched to the head drive circuit 32 side 
(step S26). 

[0035] Subsequently, the principle of the cellular detection in step S24 
mentioned above is explained. Introduction and the head section 120 are 
explained. Drawing 3 is the outline block diagram of the ink discharge 
part of the ink jet printer by this invention. In drawing 3 , 100 is an ink 
room where it fills up with ink 102, and this ink room 100 is formed by 
the nozzle member 1 03 by which the path formed the about several mm 
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nozzle 101 at the tip from dozens of micrometers, the reflective version 
1 1 2, and the diaphragm 1 28. 

[0036] The head section 1 20 is equipped with the diaphragm 1 28 formed 
of insulating materials, such as polyimide, and the piezoelectric device 
129 which vibrates in hundreds of MHz from hundreds of kHz, and is 
formed by pasting up a diaphragm 1 28 and a piezoelectric device 1 29 
with a binder 121. 

[0037] It connects with a binder 121 and a piezoelectric device 129 
through path cords 1 23 and 1 24, respectively, and the head control 
circuit 125 impresses a head driving signal to a piezoelectric device 129. 
Moreover, ink 1 02 is supplied into the ink room 1 00 from the ink supply 
way 114 established in the head section 120. 

[0038] By. impressing a head driving signal to a piezoelectric device 129 
from the head control circuit 1 25, a piezoelectric device 1 29 vibrates 
and a diaphragm 128 is vibrated. By this, the ink 102 in the ink room 100 
vibrates, and the energy with which the ink 102 in the ink room 100 
exercises for the drawing upper part is further obtained in the inside of a 
reflecting plate 112, it adheres to discharge and a form 1 04 from a 
nozzle 101, and the print of the image is carried out. If air bubbles 106 
are formed in the ink room 1 00 at this time as shown in drawing 3 , the 
regurgitation of the ink from a nozzle 101 will not be normally made by 
telescopic motion of air bubbles 106, but print precision will fall. 
[0039] Next, the impedance characteristic to the frequency of the head 
section 1 20 is explained. The calculated value of the impedance 
characteristic to the frequency of the head section 1 20 which drawing 4 
requires for the gestalt 1 of implementation of this invention, and 
drawing 5 are the experimental values of the impedance characteristic 
to the frequency of the head section 1 20 concerning the gestalt 1 of 
implementation of this invention. In addition, the axis of ordinate of 
drawing 4 and drawing 5 expresses an impedance natural logarithm, and 
the axis of abscissa expresses the frequency. Moreover, a property in 
case a broken line has air bubbles, and a continuous line are properties 
in case there are no air bubbles. 

[0040] As the broken line of drawing 4 shows, in the impedance 
characteristic 40 by the count result in case there are air bubbles, the 
point that an impedance becomes the minimum on a specific frequency 
is seen. In this case, it is the minimum near 8.7MHz and near 12MHz. In 
the impedance characteristic 41 by the count result in case there are no 
air bubbles, the impedance is not the minimum in these frequencies. 
[0041] On the other hand, as shown in drawing 5 , as for the impedance 
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characteristic 50 by the experimental result in case there are air 
bubbles, the point that an impedance becomes the minimum on a 
specific frequency is seen. In this case, it is the minimum near 8.7MHz 
and near 12MHz. In the impedance characteristic 41 by the experimental 
result in case there are no air bubbles, in these frequencies, the 
impedance is not the minimum. 

[0042] In addition, in the experimental value of drawing 5 , unlike the 
calculated value of drawing 4 , the minimal value is looked at by 50a, 
50b, 50c, 51a, and 51b, but this is based on the reflected wave 
generated with the reflecting plate 112. 

[0043] Although it became clear that an impedance characteristic 
changed the minimum point of an impedance with the configuration of 
the piezoelectric device 1 29 of the head section 1 20, an ingredient, the 
ingredient of the diaphragm 1 28 inserted between a piezoelectric device 
1 29 and ink, etc. as a result of the experiment, it was confirmed that the 
impedance characteristic to the frequency of the same head is mostly in 
agreement with calculated value and an experimental value. Moreover, 
although the absolute value of the minimal value (peak) in drawing 4 and 
drawing 5 changed when the path of air bubbles 106 changed, it became 
clear that the frequency is peculiar to a head. Therefore, existence of air 
bubbles is detectable by memorizing beforehand the frequency which 
becomes with this impedance characteristic of a proper, i.e., the 
minimum, in the table memory 37 at the head, measuring an impedance 
characteristic before a print and comparing the frequency data and the 
measurement value which were memorized by the table memory 37. And 
when the effect by the reflected wave also makes the table memory 37 
memorize calculated value from a certain thing, it is desirable to carry 
out comparison examination of experimental data and the calculated 
value beforehand. 

[0044] Moreover, it can respond simply [ modification of a piezoelectric 
device 129 etc. ], and flexibly by using table memory as a cellular 
existence distinction means to the impedance minimum point changing 
with the configuration of a piezoelectric device 1 29 etc. 
[0045] By the way, although the above-mentioned explanation described 
the case where this invention was used for an ink jet-type printer, it 
cannot be overemphasized that it can use for the equipment which 
makes the liquid using other piezoelectric devices breathe out. 
[0046] 

[Effect of the Invention] Since this invention is constituted as explained 
above, it does so outstanding effectiveness which is indicated below. 
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[0047] By being able to detect, before carrying out the print of the air 
bubbles adhering to a head, and performing head recovery automatically, 
air bubbles can be lost completely, the normal ink regurgitation can be 
performed, and the quality and stabilized print can be obtained. 
[0048] Moreover, a test pattern print can be lost and time amount and 
print cost can be reduced. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation 
may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the ink jet-type printer 
which carries out the print of the ink to the shape of jet especially at a 
print-ed medium with respect to the equipment which spouts a liquid, for 
example, the coater which applies the humidifier which carries out the 
regurgitation of the water, and ink. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Drawing 6 shows the conventional ink jet 
printer indicated by JP,6-336026,A. 

[0003] In drawing 6 , 1 expresses the head of an ink jet print and this 
head 1 consists of two or more nozzles 2, the pressure room 1 7 formed 
in housing 18, an ink way 15, piezo piezoelectric devices 16a and 16b to 
which the volume of the pressure room 17 is changed, and a heater 19 
which heats housing 18. 

[0004] Moreover, the ink cartridge 6 equipped with the ink container 4 is 
attached in housing 1 8, and the ink container 4 is open for free passage 
for two or more nozzles 2 through the ink way 1 5. Moreover, in the ink 
container 4, the porous bodies 9 and 13 for carrying out absorption 
maintenance of the ink are held, and the heater 5 for heating is attached 
in the external surface of the ink container 4. 

[0005] Next, actuation of this conventional ink jet printer is explained. 
Usually, although ink is filled with the solid condition on the ink way 1 5, if 
an electrical potential difference is further impressed to the heater 19 of 
a head 1, the heater 5 of the ink container 4 and the ink absorbed by the 
ink and the porous bodies 9 and 13 in the ink way 15 will be melted. And 
the volume of the pressure room 1 7 is changed and a liquid ink drop is 
made to blow off from a nozzle 2 by impressing an electrical potential 
difference to the piezo piezoelectric devices 16a and 16b in this 
condition, and vibrating them. In connection with this, the ink absorbed 
by porous bodies 9 and 13 is supplied to the small [ every ] pressure 
room 1 7. A print object is obtained by making ink blow off from a head 1 
by this actuation, and making it adhere to a form. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since this invention is constituted as explained 
above, it does so outstanding effectiveness which is indicated below. 
[0047] By being able to detect, before carrying out the print of the air 
bubbles adhering to a head, and performing head recovery automatically, 
air bubbles can be lost completely, the normal ink regurgitation can be 
performed, and the quality and stabilized print can be obtained. 
[0048] Moreover, a test pattern print can be lost and time amount and 
print cost can be reduced. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] In the conventional ink jet 
printer, when air bubbles went into the ink way 15, the normal ink 
regurgitation becomes impossible from two or more nozzles 2, the stripe 
went into the print object as a result, and there was a trouble that the 
quality and stabilized print object was no longer obtained. 
[0007] Moreover, there is no means to check before carrying out the 
print of the existence of air bubbles, and the one-sheet print of the test 
pattern with which the regurgitation of ink judges whether it is normal 
needed to be carried out. 

[0008] Moreover, when the print of the test pattern was carried out and 
a print object with air bubbles normal owing to was not obtained, ink 
supply recovery was performed as a recovery means, again, the print of 
the test pattern had to be carried out for the check, the repeat of 
checking whether ink has breathed out normally had to be performed, 
and there was a trouble that time amount and print cost started. 
[0009] This invention aims at offering the ink jet printer which the 
impedance in the frequency of the arbitration of the piezoelectric device 
of a head is measured, and the frequency characteristics of an 
impedance are created, it distinguishes whether air bubbles have 
adhered to the ink interior of a room with those frequency 
characteristics, and ink supply recovery is automatically performed when 
air bubbles have adhered, and can perform cellular removal before being 
made in order to solve the trouble mentioned above, and carrying out a 
print. 

[0010] Moreover, other purposes of this invention lose a test pattern 
print, and are to offer the ink jet printer which can reduce time amount 
and print cost. 

[0011] Furthermore, the purpose of further others of this invention is to 
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offer the cellular detector and the cellular detection approach of 
detecting that air bubbles adhered to the head. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, the ink jet printer concerning this invention is equipped with an 
impedance measurement means measure the impedance in the 
frequency of the predetermined range of the above-mentioned head, a 
frequency-characteristics creation means create the frequency 
characteristics of the measured impedance, and a distinction means 
distinguish whether air bubbles have adhered to the above-mentioned 
piezoelectric device with the above-mentioned frequency 
characteristics, in the ink jet printer which spouts ink to a print-ed 
medium by the drive of the piezoelectric device of a head. 
[0013] Moreover, the ink jet printer of this invention is further equipped 
with the means for switching which switches the head driving means 
which drives the above-mentioned head, and the above-mentioned head 
driving means and the above-mentioned impedance measurement 
means. 

[0014] Furthermore, the ink jet printer of this invention is further 
equipped with a means to remove the air bubbles adhering to the above- 
mentioned piezoelectric device, when adhesion of air bubbles is 
distinguished by the above-mentioned distinction means. 
[0015] The ink jet printer of this invention is further equipped with the 
storage means in which elimination and writing are possible, and it is 
made to make the above-mentioned storage means memorize the 
impedance of the above-mentioned head further again at the time of 
initialization. 

[0016] Moreover, the cellular detector concerning this invention is 
equipped with a means to measure the impedance in the frequency of 
the predetermined range of the above-mentioned head, a means to 
create the frequency characteristics of the measured impedance, and a 
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means to distinguish whether air bubbles have adhered to the above- 
mentioned piezoelectric device with the above-mentioned frequency 
characteristics, in the equipment which makes a liquid blow off by the 
drive of the piezoelectric device of a head. 

[0017] Moreover, the cellular detection approach of this invention is 
equipped with the measurement process which measures the impedance 
of the frequency of the predetermined range of a head, and the 
distinction process which distinguishes the existence of the air bubbles 
adhering to the above-mentioned head from the frequency 
characteristics of the measured impedance. 
[0018] Furthermore, the above-mentioned distinction process is 
equipped with the process which creates the frequency characteristics 
of the impedance measured in the above-mentioned measurement 
process, the process in comparison with the frequency characteristics 
of the impedance which was able to determine beforehand the frequency 
characteristics of the measurement impedance created by doing in this 
way, and the process which distinguishes the existence of the air 
bubbles adhering to the above-mentioned head based on the above- 
mentioned comparison result. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation 
of this invention is explained with reference to an accompanying drawing. 

[0020] Gestalt 1 . drawing 1 of operation shows the outline configuration 
of the ink jet printer by the gestalt of 1 implementation of this invention. 

[0021] The ink jet printer is equipped with the change-over circuit 34 
which switches alternatively connection between the head 31 for a print, 
the head drive circuit 32 which drives a head 31, the cellular detector 
38, and a head 31, the head drive circuit 32 and the cellular detector 38 
in drawing 1 . 

[0022] The cellular detector 38 is constituted by the impedance 
measurement circuit 33 which has connection with a head 31 switched 
by the switch circuit 34, CPU35, memory 36, and the table memory 37. 
[0023] The impedance measurement circuit 33 detects the electrical 
potential difference and current in a setting frequency of the head 
section 120 ( drawing 3 ) of a head 31, and measures the impedance of 
the head section 1 20. As for the table memory 37, it is desirable that it 
is the memory in which elimination and writing are possible, for example, 
EEPROM and a flash memory. 
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[0024] In addition, the impedance measurement circuit 33 constitutes an 
impedance measurement means to measure the impedance in the 
frequency of the predetermined range of a head 31 , and the cellular 
detector 38 constitutes a frequency-characteristics creation means to 
create the frequency characteristics of the measured impedance, and a 
distinction means to distinguish whether air bubbles have adhered to the 
above-mentioned piezoelectric device with the above-mentioned 
frequency characteristics. 

[0025] Next, actuation of the ink jet printer by the gestalt of this 
operation is explained with reference to the flow chart of drawing 2 . 
Drawing 2 is the flow chart of the cellular detection approach by this 
invention. 

[0026] In the ink jet printer constituted as mentioned above, before a 
print process is performed, CPU35 switches SUITCHI of the change- 
over circuit 34 to the impedance measurement circuit 33 side (step 
S10). 

[0027] Then, a test frequency is set as the predetermined range (step 
S12), and the impedance of the head section 120 in the frequency of the 
predetermined range is measured (step S14). 
[0028] And sequential storing of the measurement data of the 
impedance which carried out in this way and was measured is carried 
out at memory 36 (step S16), and it judges whether measurement was 
completed or not (step S1 8). 

[0029] When not judged with measurement termination at step S18, 
processing of step S12 to the step S18 is repeated until it is judged with 
return and measurement termination by test-frequency setup of step 
12. 

[0030] When judged with measurement termination in step S1 8, the 
frequency characteristics of the measured impedance are created (step 
S20). 

[0031] Thus, the frequency characteristics of the created measurement 
impedance are compared with the impedance frequency characteristics 
which were beforehand searched for by experiment etc. and were stored 
in the table memory 37, and the existence of air bubbles is judged (step 
S24). 

[0032] When air bubbles are judged at step S24 to be owner **, head 
recovery is performed (step S28) and it returns to a test-frequency 
setup of step S12. 

[0033] Moreover, in step S24, when judged with having no air bubbles, 
the change-over circuit 34 is switched to the head drive circuit 32 side 
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(step S26), and processing is ended. 

[0034] That is, if the existence of air bubbles is judged from the 
frequency characteristics of an impedance at step S24 and there are air 
bubbles, head recovery will be automatically performed at step S28, and 
air bubbles will be removed. By attracting ink from the nozzle 101 
( drawing 3 ) of the head section 1 20, head recovery removes air 
bubbles. At the time of cellular detection termination, SUITCHI of the 
change-over circuit 34 is switched to the head drive circuit 32 side 
(step S26). 

[0035] Subsequently, the principle of the cellular detection in step S24 
mentioned above is explained. Introduction and the head section 120 are 
explained. Drawing 3 is the outline block diagram of the ink discharge 
part of the ink jet printer by this invention. In drawing 3 , 100 is an ink 
room where it fills up with ink 102, and this ink room 100 is formed by 
the nozzle member 103 by which the path formed the about several mm 
nozzle 101 at the tip from dozens of micrometers, the reflective version 
112, and the diaphragm 128. 

[0036] The head section 1 20 is equipped with the diaphragm 1 28 formed 
of insulating materials, such as polyimide, and the piezoelectric device 
1 29 which vibrates in hundreds of MHz from hundreds of kHz, and is 
formed by pasting up a diaphragm 1 28 and a piezoelectric device 1 29 
with a binder 121. 

[0037] It connects with a binder 121 and a piezoelectric device 129 
through path cords 1 23 and 1 24, respectively, and the head control 
circuit 1 25 impresses a head driving signal to a piezoelectric device 1 29. 
Moreover, ink 102 is supplied into the ink room 100 from the ink supply 
way 1 1 4 established in the head section 1 20. 

[0038] By impressing a head driving signal to a piezoelectric device 129 
from the head control circuit 125, a piezoelectric device 129 vibrates 
and a diaphragm 128 is vibrated. By this, the ink 102 in the ink room 100 
vibrates, and the energy with which the ink 102 in the ink room 100 
exercises for the drawing upper part is further obtained in the inside of a 
reflecting plate 112, it adheres to discharge and a form 104 from a 
nozzle 101, and the print of the image is carried out. If air bubbles 106 
are formed in the ink room 1 00 at this time as shown in drawing 3 , the 
regurgitation of the ink from a nozzle 101 will not be normally made by 
telescopic motion of air bubbles 106, but print precision will fall. 
[0039] Next, the impedance characteristic to the frequency of the head 
section 120 is explained. The calculated value of the impedance 
characteristic to the frequency of the head section 1 20 which draw ing 4 
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requires for the gestalt 1 of implementation of this invention, and 
drawing 5 are the experimental values of the impedance characteristic 
to the frequency of the head section 120 concerning the gestalt 1 of 
implementation of this invention. In addition, the axis of ordinate of 
drawing 4 and drawing 5 expresses an impedance natural logarithm, and 
the axis of abscissa expresses the frequency. Moreover, a property in 
case a broken line has air bubbles, and a continuous line are properties 
in case there are no air bubbles. 

[0040] As the broken line of drawing 4 shows, in the impedance 
characteristic 40 by the count result in case there are air bubbles, the 
point that an impedance becomes the minimum on a specific frequency 
is seen. In this case, it is the minimum near 8.7MHz and near 12MHz. In 
the impedance characteristic 41 by the count result in case there are no 
air bubbles, the impedance is not the minimum in these frequencies. 
[0041] On the other hand, as shown in drawing 5 , as for the impedance 
characteristic 50 by the experimental result in case there are air 
bubbles, the point that an impedance becomes the minimum on a 
specific frequency is seen. In this case, it is the minimum near 8.7MHz 
and near 1 2MHz. In the impedance characteristic 41 by the experimental 
result in case there are no air bubbles, in these frequencies, the 
impedance is not the minimum. 

[0042] In addition, in the experimental value of drawing 5, unlike the 
calculated value of drawing 4 , the minimal value is looked at by 50a, 
50b, 50c, 51a, and 51b, but this is based on the reflected wave 
generated with the reflecting plate 1 1 2. 

[0043] Although it became clear that an impedance characteristic 
changed the minimum point of an impedance with the configuration of 
the piezoelectric device 129 of the head section 120, an ingredient, the 
ingredient of the diaphragm 1 28 inserted between a piezoelectric device 
1 29 and ink, etc. as a result of the experiment, it was confirmed that the 
impedance characteristic to the frequency of the same head is mostly in 
agreement with calculated value and an experimental value. Moreover, 
although the absolute value of the minimal value (peak) in drawing 4 and 
drawing 5 changed when the path of air bubbles 1 06 changed, it became 
clear that the frequency is peculiar to a head. Therefore, existence of air 
bubbles is detectable by memorizing beforehand the frequency which 
becomes with this impedance characteristic of a proper, i.e., the 
minimum, in the table memory 37 at the head, measuring an impedance 
characteristic before a print and comparing the frequency data and the 
measurement value which were memorized by the table memory 37. And 
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when the effect by the reflected wave also makes the table memory 37 
memorize calculated value from a certain thing, it is desirable to carry 
out comparison examination of experimental data and the calculated 
value beforehand. 

[0044] Moreover, it can respond simply [ modification of a piezoelectric 
device 129 etc. ], and flexibly by using table memory as a cellular 
existence distinction means to the impedance minimum point changing 
with the configuration of a piezoelectric device 1 29 etc. 
[0045] By the way, although the above-mentioned explanation described 
the case where this invention was used for an ink jet-type printer, it 
cannot be overemphasized that it can use for the equipment which 
makes the liquid using other piezoelectric devices breathe out. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the outline configuration of the 
ink jet printer by the gestalt of the 1 operation by this invention. 
[Drawing 2] It is drawing showing the flow chart of the cellular detector 
of the ink jet printer of drawing 1 . 

[Drawing 3] It is the schematic diagram showing the head of the ink jet 
printer by this invention. 

[Drawing 4] It is drawing (calculated value) showing an example of the 
impedance characteristic of a head. 

[Drawing 5] It is drawing (experimental value) showing an example of the 
impedance characteristic of a head. 

[Drawing 6] It is drawing showing the conventional ink jet head. 
[Description of Notations] 

31 A head, 32 A head drive circuit, 33 An impedance measurement 
circuit, 34 change-over circuits, 35 CPU, 36 Memory, 37 Table memory, 
40 An impedance characteristic in case there are air bubbles, 41 
Impedance characteristic in case there are no air bubbles. 



[Translation done.] 
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